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RUBBER COMPOSITION FOR CONVEYOR
BELTS, CONVEYOR BELI, AND BELT
CONVEYOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International Appli-

cation No. PCT/JP2012/081955 filed Dec. 10, 2012, claiming
priority based on Japanese Patent Application Nos. 2011-
271378, filed Dec. 12, 2011 and 2012-172821, filed Aug. 3,
2012, the contents of all of which are incorporated herein by
reference in their entirety.

TECHNICAL FIELD

The present invention relates to a rubber composition for
conveyor belts, a conveyor belt obtaimned using the rubber
composition for conveyor belts, and a belt conveyor having
the conveyor belt mounted thereto.

BACKGROUND ART

Belt conveyors are used as means for conveying various
packages such as materials, foods, etc. Recently, with growth
in traific volume and increase 1n transport efficiency, large-
s1zed belt conveyors have become used, and those of which
the overall length reaches a few km have come 1n use. Accord-
ingly, higher durability 1s desired and reduction 1n power
consumption 1s also desired.

The belt (conveyor belt) to be mounted to the belt conveyor
generally has a core as a reinforcing member inside 1t, and the
core 1s sandwiched between a cover rubber on the upside of
the core (that 1s to be the outer periphery when used 1n a
conveyor belt) [heremnatter referred to as an external cover
rubber) and a cover rubber on the inner periphery (that1s to be
the back or the lower side, when used 1n a conveyor belt)
|hereinafter referred to as internal cover rubber]. The external
cover rubber and the internal cover rubber positioned on the
back thereot differ in point of the necessary physical proper-
ties, and the internal cover rubber must have tear resistance,
and furthermore, must reduce the energy loss owing to con-
tact between the conveyor belt and a large number or rollers,
or that 1s, must reduce the amount of power consumption
through energy loss reduction.

Heretofore, as a rubber composition for conveyor belts
excellent 1n tear resistance, there are known a rubber compo-
sition that comprises natural rubber (NR) and, as incorporated
thereinto, butadiene rubber (BR) and styrene-butadiene rub-
ber (SBR) 1n a different combination, etc. (see Patent docu-
ment 1 and 2).

CITATION LIST
Patent Literature

Patent document 1: JP-A 11-139523
Patent document 2: JP-A 2004-346220

SUMMARY OF INVENTION

Technical Problem

The rubber composition described in Patent document 1
and 2 contains styrene-butadiene rubber (SBR) and therefore
has good tear resistance, but 1s poor 1n energy efficiency since
the 1internal loss thereot 1s great.
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Accordingly, the object of the present invention 1s to pro-
vide a rubber composition for conveyor belts that satisfies
both energy efficiency and durability, to provide a conveyor
belt having both energy efliciency and durability, and to pro-
vide a belt conveyor having the conveyor belt mounted
thereto.

Solution to Problem

For achuieving the above-mentioned object, the present
imnventor has made assiduous studies and, as a result, have
found that a rubber composition containing a dienic polymer
and two specific types of carbon black 1n a specific ratio can
achieve the above-mentioned object. The present invention
has been completed on the basis of these findings.

Specifically, the present invention relates to the following
[1] to [8].

[1] A rubber composition for conveyor belts, comprising:

(A) 100 parts by mass of a dienic polymer, and

(B) from 25 to 55 parts by mass of carbon black including
carbon black (b-1) having a nitrogen-adsorbing specific sur-
face area of from 60 to 100 m*/g and a dibutyl phthalate oil
absorption of less than 110 ml/100 g, and carbon black (b-2)
having a nitrogen-adsorbing specific surface area of less than
60 m>/g and a dibutyl phthalate oil absorption of at least 110
ml/100 g.

[2] The rubber composition for conveyor belts according to
the above [1], wherein the content ratio [(b-1)/(b-2)] of the
carbon black (b-1) to the carbon black (b-2) 1s, by mass ratio,
from 20/80 to 80/20.

[3] The rubber composition for conveyor belts according to
the above [1] or [2], Turther comprising;:

(C) from 1 to 15 parts by mass of silica, and

(D) from 0.1 to 1.5 parts by mass of a silane coupling agent.
[4] The rubber composition for conveyor belts according to
any one of the above [1] to [3], wherein the component (A)
comprises from 15 to 65% by mass of at least one selected
from natural rubber and 1soprene rubber, and from 85 to 35%
by mass of butadiene rubber.

[5] The rubber composition for conveyor belts according to
the above [4], wherein the c1s-1,4-bond content 1n the buta-
diene rubber 1s at least 90%.

[6] The rubber composition for conveyor belts according to
any one of the above [1] to [5], further comprising from 0.1 to
10 parts by mass of an antiaging agent.

['7] A conveyor belt obtained using the rubber composition of
any one of the above [1] to [6].

[8] A belt conveyor having, mounted thereto, the conveyor

belt of the above [7].

Advantageous Effects of Invention

According to the present invention, there are provided a
rubber composition for conveyor belts that satisfies both
energy elliciency and durabaility, a conveyor belt having both
energy elficiency and durability, and a belt conveyor having
the conveyor belt mounted thereto.

Further, the rubber composition for conveyor belts, which
further contains a specific amount of silica and a specific
amount of a silane coupling agent, stably has extremely high
durability irrespective of the difference in any delicate pro-
duction condition and kneading condition. Accordingly, the
present invention can provide a rubber composition for con-
veyor belts that satisfies both energy efficiency and extremely
high durability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a conveyor belt 1n accordance with
the present invention; and
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FIG. 2 1s a side view of a belt conveyor 1in accordance with
the 1nvention.

DESCRIPTION OF

EMBODIMENTS

Rubber Composition for Conveyor Belts

The rubber composition for conveyor belts of the present
invention contains:

(A) 100 parts by mass of a dienic polymer, and

(B) from 25 to 55 parts by mass of carbon black including
carbon black (b-1) having a nitrogen-adsorbing specific sur-
face area of from 60 to 100 m*/g and a dibutyl phthalate
(DBP) o1l absorption of less than 110 ml/100 g, and carbon
black (b-2) having a nitrogen-adsorbing specific surface area
of less than 60 m*/g and a DBP oil absorption of at least 110
ml/100 g. The conveyor belt obtained using the rubber com-
position has both energy efliciency and durability.

The components of the rubber composition for conveyor
belts of the present invention are described below. In this
specification, the preferred descriptions can be employed
arbitrarily and can be combined arbitrarily. Combinations of
preferred descriptions can be said to be more preferred.

((A) Dienic Polymer)

The dienic polymer of the component (A) includes, for
example, natural rubber (NR), 1soprene rubber (IR), butadi-
ene rubber (BR), styrene-butadiene rubber (SBR), ethylene-
propylene rubber (EPR), ethylene-propylene-diene rubber
(EPDM), butyl rubber (IIR), halogenobutyl rubber, chloro-
prene rubber, etc. One alone or two or more of these may be
used here either singly or as combined. In the present mnven-
tion, preferably, two or more are combined from the view-
point of satistying both energy efliciency and durability; and
more preferably, at least two selected from natural rubber,
isoprene rubber and butadiene rubber are combined, even
more preferably at least one selected from natural rubber and
1soprene rubber 1s combined with butadiene rubber, and espe-
cially preterably natural rubber or isoprene rubber 1s com-
bined with butadiene rubber.

Preferably, the component (A) comprises from 15 to 65%
by mass of at least one selected from natural rubber and
1soprene rubber and from 85 to 35% by mass of butadiene
rubber, from the viewpoint of satisfying both energy eifi-
ciency and durability and more preferably comprises from 20
to 60% by mass of at least one selected from natural rubber
and 1soprene rubber and from 80 to 40% by mass of butadiene
rubber.

Preferably, butadiene rubber 1s high-cis butadiene rubber
from the viewpoint of satistying both energy eificiency and
durability. The high-cis butadiene rubber 1s one having a
ci1s-1,4 bond content in the 1,3-butadiene unit therein 1s from
90% to less than 98%, as measured through FI-IR. Prefer-
ably, the cis-1,4 bond content 1n the 1,3-butadiene unit 1n the
high-cis butadiene rubber 1s from 95% to less than 98%. The
production method for the high-cis butadiene rubber 1s not
specifically defined, and the rubber may be produced accord-
ing to a known method. For example, the rubber may be
produced through polymerization of butadiene using a
neodymium-based catalyst. High-cis butadiene rubber 1s

commercially available, and for example, JSR’s “BR01”,
“T"700” and the like are usable here.

((B) Carbon Black)
As the carbon black of the component (B), combined here
are carbon black (b-1) having a nitrogen-adsorbing specific

surface area of from 60 to 100 m*/g and a DBP oil absorption
of less than 110 ml/100 g, and carbon black (b-2) having a
nitrogen-adsorbing specific surface area of less than 60 m*/g
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and a DBP o1l absorption of at least 110 ml/100 g, from the
viewpoint of satistying both energy etficiency and durability.

The carbon black of the component (b-1) preferably has a
nitrogen-adsorbing specific surface area of from 70 to 90
m~/g and a DBP oil absorption of from 60 to 108 m1/100 ¢
from the viewpoint of durability, more preferably a nitrogen-
adsorbing specific surface area of from 70 to 90 m*/g and a
DBP o1l absorption of from 65 to 108 ml/100 g. The compo-
nent (b-1) alone could be effective for enhancmg durablhty,,
but tends to be meffective for securing energy elliciency. One
alone or two or more may be used here for the component
(b-1) either singly or as combined.

The carbon black of the component (b-2) preferably has a
nitrogen-adsorbing specific surface area of from 30 to 55
m~/g and a DBP oil absorption of from 110 to 140 m1/100 g
from the viewpoint of energy ellficiency, more preferably a
nitrogen-adsorbing specific surface area of from 35 to 50
m~/g and a DBP oil absorption of from 115 to 130 m1/100 g.
The component (b-2) alone could be effective for enhancing
energy elficiency, but tends to be ineffective for securing
durability. One alone or two or more may be used here for the
component (b-2) either singly or as combined.

In this specification, the mitrogen-adsorbing specific sur-
face area and the DBP o1l absorption of carbon black are
measured according to JIS K 6217 (1997).

Preferably, the content ratio [(b-1)/(b-2)] of the component
(b-1) to the component (b-2)1s, by mass, from 10/90 to 90/10,
more preferably from 15/85 to 90/10, even more preferably
20/80 to 80/20, still more preferably from 40/60 to 80/20,
especially preferably from 50/50 to 70/30. The content ratio
falling within the range enhances both energy efliciency and
durability.

The carbon black may be any one produced according to
any method of a furnace method, a channel method, an acety-
lene method, a thermal method or the like, and especially
preferred 1s one produced according to a furnace method.
Concretely, the carbon black includes standard varieties of
SAF, ISAF, HAF, FEF, GPE, SRF (all furnace black for
rubber), MT carbon black (pyrolytic carbon), etc. From the
above, the carbon black satistying the above requirements
may be suitably selected and used here. Of those, preferred
are the above-mentioned ones of furnace black for rubber, and
more preferred are HAF and FEF.

In the rubber composition for conveyor belts of the present
invention, the content of the component (B) [including any
other carbon black than the component (b-1) and the compo-
nent (b-2) (heremnaiter referred to as carbon black (b-3)] 1s
from 25 to 55 parts by mass relative to 100 parts by mass of the
component (A). When the content 1s less than 25 parts by
mass, then the durability 1s poor. On the other hand, when
more than 55 parts by mass, then the energy efficiency 1s
insuificient. From the same viewpoint, the content of the
component (B) 1s preferably from 25 to 50 parts by mass
relative to 100 parts by mass of the component (A), more
preferably from 30 to 50 parts by mass, even more preferably
from 35 to 50 parts by mass.

In the component (B), the total content ratio of the compo-
nent (b-1) and the component (b-2) 1s preferably at least 85%
by mass, more preferably at least 90% by mass, even more
preferably at least 95% by mass, and substantially 100% by
mass 1s especially preferred.

The rubber composition for conveyor belts of the present
invention may contain the carbon black (b-3) that does not
correspond to the above-mentioned component (b-1) and
component (b-2), within a range not noticeably detracting
from the advantageous effects of the present invention. In
case where the composition contains the carbon black (b-3),
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the content thereol 1s preferably such that the total content
ratio of the component (b-1) and the component (b-2) 1n the
component (B) could fall within the above-mentioned range.
((C) Silica)

Containing silica as the component (C), the rubber com-
position of the present invention could be more effective for
turther improving the durability thereof while maintaining
the energy elliciency that the rubber composition containing,
the component (A) and the component (B) 1n a specific blend
rat1o has. Incorporating the component (C) provides a rubber
composition capable of stably exhibiting extremely high
durability irrespective of the compounding order, the com-
pounding method and the kneading condition. Though not
clear, the accurate reason of expressing the effect could be
presumed as follows. Specifically, silica does not have the
ability to convert the energy generated by the strain of small
deformation necessary for conveyor belts into heat and there-
fore can maintain as such or does not reduce so much the
energy elficiency, however, as having the ability to convert the
energy generated by the strain of large deformation into heat
and to scatter 1t, and as a result, the durability could be thereby
noticeably increased.

As the silica, any and every commercially-available one 1s
usable here. Above all, preferred 1s use of wet-method silica,
dry-method silica or colloidal silica, and more preferred 1s use
of wet-method silica.

Preferably, the BET specific surface area (as measured
according to ISO 5794/1) of silica for use herein 1s from 40 to
350 m*®/g. Silica of which the BET specific surface area falls

within the range 1s advantageous as its dispersibility in the
rubber component 1s good and, while maintaining good
energy elliciency, can exhibit an excellent effect of improving
the durability of the rubber composition. From this view-
point, the BET specific surface area of silica for use herein 1s
more preferably from 80 to 350 m*/g, even more preferably
from 120 to 350 m*/g, still more preferably from 150 to 300
m-/g.

As such silica, there may be used commercial products
such as trade name “Nipsil AQ” (BET specific surface
area=220 m*/g) and trade name “Nipsil KQ” produced by

Tosoh Silica Corporation, and “Ultrasil VN3” (BET specific
surface area=175 m>/g) produced by Degussa AG, and the
like.

One alone or two or more types of such silica may be used
here eitther singly or as combined.

In the rubber composition for conveyor belts of the present
invention, the content of silica as the component (C) 1s pret-
erably from 1 to 15 parts by mass relative to 100 parts by mass
of the component (A). The content of at least 1 part by mass
1s elfective for improving the durability of the composition
and the content of at most 135 parts by mass would be free from
the condition that the composition 1s roughened and could
hardly be formed into sheets, or that 1s, the moldability of the
rubber composition could be kept good. From this viewpoint,
the content 1s more preferably from 1 to 10 parts by mass
relative to 100 parts by mass of the component (A), even more
preferably from 2 to 8 parts by mass, especially preferably
from 2 to 6 parts by mass.

The total content of the component (B) and the component
(C) 1s preferably from 26 to 70 parts by mass relative to 100
parts by mass of the component (A), from the viewpoint of
satistying both energy efficiency and extremely high durabil-
ity, more preferably from 30 to 60 parts by mass, even more
preferably from 35 to 55 parts by mass, especially preferably
from 40 to 50 parts by mass.

10

15

20

25

30

35

40

45

50

55

60

65

6
((D) Silane Coupling Agent)

In case where the rubber composition of the present inven-
tion contains the component (C), it 1s desirable that a silane
coupling agent 1s added thereto as the component (D) 1n order
that the energy etliciency that may be lowered by the compo-
nent (C) could be kept at a high level.

The silane coupling agent 1s preferably at least one selected
from a group consisting of compounds of the following gen-
eral formulae (I) to (IV). Using the silane coupling agent of
the type secures more excellent workabaility at rubber process-
ing and provides an eiffect of further improving the durability.

The general formulae (I) to (IV) are sequentially described
below.

(R'0); ,(R?),Si—R*—S,—R*—Si(ORY)3 (R?), D

In the formula, plural R"’s may be the same or different,
cach representing a linear, cyclic or branched alkyl group
having from 1 to 8 carbon atoms, or a linear or branched
alkoxylalkyl group having from 2 to 8 carbon atoms. Plural
R*’s may be the same or different, each representing a linear,
cyclic or branched alkyl group having from 1 to 8 carbon
atoms. Plural R*’s may be the same or different, each repre-
senting a linear or branched alkylene group having from 1 to
8 carbon atoms. a indicates from 2 to 6 as a mean value; p and
r may be the same or difierent, each indicating from 0 to 3 as
amean value. However, both p and r are not 3 at the same time.

Specific examples of the silane coupling agent represented
by the above-mentioned general formula (I) include bis(3-
triethoxysilylpropyl)tetrasulfide, bis(3-trimethoxysilylpro-
pyDtetrasulfide, bis(3-methyldimethoxysilylpropyl)tetrasul-
fide, bis(2-triethoxysilylethyl tetrasulfide, b1s(3-
triethoxysilylpropyl)disulfide, bis(3-trimethoxysilylpropyl)
disulfide, bis(3-methyldimethoxysilylpropyl)disulfide, bis
(2-triethoxysilylethyl)disulfide, bis(3-triethoxysilylpropyl)

[

trisulfide,  bis(3-trimethoxysilylpropyl)trisulfide,  bis(3-
methyldimethoxysilylpropyl)trisulifide, b1s(2-
trlethoxys11ylethyl)tr15ulﬁde b1s(3-
monoethoxydimethylsilylpropyl tetrasulfide, b1s(3-
monoethoxydimethylsilylpropyltrisulfide, b1s(3-
monoethoxydimethylsilylpropyl)disulfide, b1s(3-
monomethoxydimethylsilylpropylitetrasulfide, b1s(3-
monomethoxydimethylsilylpropyl)trisulfide, b1s(3-
monomethoxydimethylsilylpropyl)disuliide, b1s(2-
monoethoxydimethylsilylethyl)tetrasulfide, b1s(2-
monoethoxydimethylsilylethyl)trisulfide, b1s(2-
monoethoxydimethylsilylethyl)disulfide.

(1)

In the formula, R* represents a monovalent group selected
from —Cl, —Br, R”"O—, R°C(=0)0—, R°R'"°C=NO—,
R°R"”CNO—, R'R'*N—, and —(OSiR"R"™),
(OSiR’R'"R'") (where R, R'® and R'! each independently
represent a hydrogen atom or a monovalent hydrocarbon
group having from 1 to 18 carbon atoms, and they may be the
same or different. h indicates from 1 to 4 as a mean value); R>
represents R*, a hydrogen atom, or a monovalent hydrocar-
bon group having from 1 to 18 carbon atoms; R° represents
R* R, a hydrogen atom, or a group — O(RHO) lo s—
(where Rl"2 represents an alkylene group having from 1 to 18
carbon atoms. j indicates an integer of from 1 to 4); R’



US 9,296,330 B2

7

represents a divalent hydrocarbon group having from 1 to 18
carbon atoms; R® represents a monovalent hydrocarbon
group having from 1 to 18 carbon atoms. X, y and z each
indicate a number satisiying the relationship of x+y+2z=3,
O=x<3, O=<y=2, O=z=].

In the general formula (II), R® to R'" may be the same or
different, each preferably representing a group selected from
a linear, cyclic or branched alkyl, alkenyl, aryl or aralkyl
group having from 1 to 18 carbon atoms.

In case where R” is a monovalent hydrocarbon group hav-
ing from 1 to 18 carbon atoms, the group is preferably a group
selected from a linear, cyclic or branched alkyl, alkenyl, aryl
or aralkyl group. Preferably, R'*is a linear, cyclic or branched
alkylene group, and 1s especially preferably a linear one. The
divalent hydrocarbon group having from 1 to 18 carbon atoms
for R’ is, for example, an alkylene group having from 1 to 18
carbon atoms, an alkenylene group having from 2 to 18 car-
bon atoms, a cycloalkylene group having from 5 to 18 carbon
atoms, a cycloalkylalkylene group having from 6 to 18 carbon
atoms, an arylene group having from 6 to 18 carbon atoms, or
an aralkylene group having from 7 to 18 carbon atoms. The
alkylene group and the alkenylene group may be linear or
branched; and the cycloalkylene group, the cycloalkylalky-
lene group, the arylene group and the aralkylene group may
have a substituent such as a lower alkyl group or the like on
the ring thereof. Preferably, R’ is an alkylene group having
from 1 to 6 carbon atoms, especially preferably a linear alky-
lene group, for example, a methylene group, an ethylene
group, a trimethylene group, a tetramethylene group, a pen-
tamethylene group or a hexamethylene group.

Specific examples of the monovalent hydrocarbon group
having from 1 to 18 carbon atoms of R”, and R® to R'" in the
general formula (I1) include a methyl group, an ethyl group,
an n-propyl group, an isopropyl group, an n-butyl group, an
1sobutyl group, a sec-butyl group, a tert-butyl group, a pentyl
group, a hexyl group, an octyl group, a decyl group, a dodecyl
group, a cyclopentyl group, a cyclohexyl group, a vinyl
group, a propenyl group, an allyl group, a hexenyl group, an
octenyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a tolyl group, a xylyl group, a naphthyl group.,
a benzyl group, a phenethyl group, a naphthylmethyl group.,
etc.

Examples of R"* in the general formula (II) include a meth-
ylene group, an ethylene group, a trimethylene group, a tet-
ramethylene group, a pentamethylene group, a hexamethyl-
ene group, an octamethylene group, a decamethylene group,
a dodecamethylene group, efc.

Specific examples of the silane coupling agent represented
by the general formula (II) include 3-hexanoylthiopropyltri-
cthoxysilane, 3-octanoylthiopropyltriethoxysilane, 3-de-
canoylthiopropyltriethoxysilane, 3-lauroylthiopropyltri-
cthoxysilane, 2-hexanoylthioethyltriethoxysilane,
2-octanoylthioethyltriethoxysilane, 2-decanoylthioethyltri-
cthoxysilane, 2-lauroylthioethyltriethoxysilane, 3-hex-
anoylthiopropyltrimethoxysilane, 3-octanoylthiopropyltri-
methoxysilane, 3-decanoylthiopropyltrimethoxysilane,
3-lauroylthiopropyltrimethoxysilane, 2-hexanoylthioethylt-
rimethoxysilane, 2-octanoylthioethyltrimethxysilane, 2-de-
canoylthioethyltrimethoxysilane, 2-lauroylthioethyltri-
methoxysilane, etc. Of those, especially preferred 1s
3-octanoylthiopropyltriethoxysilane (General Electric Sili-

cones’ “NX'T Silane™).

(R*?0), (R'M Si—R!"”—§,— R'§,— RS

(OR")3(R™), (ITI)

In the formula, R'” represents a linear, cyclic or branched
alkyl group having from 1 to 8 carbon atoms or a linear or
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branched alkoxylalkyl group having from 2 to 8 carbon
atoms, and plural R'*’s may be the same or different. R'*
represents a linear, cyclic or branched alkyl group having
from 1 to 8 carbon atoms, and plural R'*’s may be the same or
different. R'> represents a linear or branched alkylene group
having from 1 to 8 carbon atoms, and plural R">’s may be the
same or different. R*° represents a divalent group of any of a
general formula (—S—R""—S—), (—R"*—S_ —R'""—)
or(—R**—S_—R*'—S .—R**—)(whereR"'’ to R** may
be the same or different, each represents a divalent hydrocar-
bon group, a divalent aromatic group or a divalent organic
group containing a hetero element except sultur and oxygen,
having from 1 to 20 carbon atoms; m1, m2 and m3 may be the
same or different, each indicating from 1 to less than 4 as a
mean value).

k indicates from 1 to 6 as a mean value; s and t each
independently indicate from O to 3 as a mean value, and they
may be the same or different. However, both s and t are not 3
at the same time.

Preferred examples of the silane coupling agent repre-
sented by the above-mentioned general formula (I11) are com-
pounds represented by an average compositional formula
(CH;3CH,0)381—(CH,);—S,—(CH,)6—S,—(CH,);—
S1—(OCH,CH,);, an average compositional formula
(CH;CH,0)381—(CH,)3—5,—(CH,),—S,—(CH,),—S1
(OCH,CH,);, an average compositional formula
(CH;CH,0)351—(CH,)35;—(CH; )s—S53—(CH, );—51
(OCH,CH,);, an average compositional formula
(CH;CH,0)3,51—(CH,);—8,—(CH,)s—S,—(CH,),—51
(OCH,CH,);, an average compositional formula
(CH;CH,0)381—(CH,);—5—(CH,)—5,—(CH,)s—S
(CH,),—S1(OCH,CH,);, an average compositional formula
(CH;CH,0)351—(CH,);—5—(CH, )s—5, s—(CH;)s—
S—(CH,),—S1(OCH,CH,),, an average compositional for-
mula (CH;CH,0)351—(CH,;);—S53;—(CH,;)s—S5—(CH,)s
—S(CH,);—S1(OCH,CH,),, an average compositional for-
mula (CH,CH,O),S1—(CH,),—S—(CH,),—S,—(CH,),
—S(CH,);—S1(OCH,CH,);, an average compositional for-
mula (CH,CH,0),S1—(CH,),—S—(CH,),,—S,—
(CH,),, —S—(CH,),—S1(OCH,CH,);, an average compo-
sitional formula (CH,CH,O),S1+—(CH,),—S,—(CH,)—
S,—(CH,),—S,—(CH,),—S1(OCH,CH,),, an average
compositional formula (CH,CH,O);S51—(CH,);—S,
(CH,)s—S,  (CH,)s—S8,—(CH,);—S1(OCH,CH;);, an
average compositional formula (CH,CH,0O),S1—(CH,),—
S—(CH,)e—5,—(CH;)e—5,—(CH;)s—S5—CH,),—51
(OCH,CH,;);, etc.

(IV)

[R¥—C(=—0)—S—G
- A

SiZ2,2°, 2| n[HS—G—S8iZ%,Z°,7°,)),

e B -

In the formula, R* represents a linear, branched or cyclic
alkyl group having from 1 to 20 carbon atoms. G represents an
alkanediyl group or an alkenediyl group having from 1 to 9
carbon atoms.

77 represents a group capable of bonding to the two silicon
atoms and selected from [—O—], 5, [—0O-G-], s or [—O-G-
O—], s, and plural Z*’s may be the same or different. Z”
represents a group capable of bonding to the two silicon
atoms and 1s a functional group represented by [—O-G-
O—], -, and plural Z”’s may be the same or different. Z°
represents a functional group represented by —Cl, —Br,
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—OR%, R“C(—=0)0O—, R°R’C—NO—, R*R’N—, R*— or
HO-G-O— (where G 1s the same as above), and plural Z°,
may be the same or different.

R? and R” each independently represent a linear, branched
or cyclic alkyl group having from 1 to 20 carbon atoms, and
may be the same or different.

m, n, u, vand w each are 1=m=20, O=sn=<20, O=u<3, O=sv=2,
O=w=l, and (v/2)+v+2w 1s 2 or 3. m, n, u, v and w each may
be the same or different. In case where the formula has plural
A’s,then 7%, 7° and Z°  each may be the same or different
in those plural A’s; and in case where the formula has plural
B’s, then Z% , 7" and Z°.  each may be the same or different
in those plural B’s.

The silane coupling agent represented by the general for-

mula (IV) includes silane coupling agents represented by the
tollowing formula (V), formula (V1) and formula (VII):

(V)
| o
N\ /Ti/\/\S CsHjs
O
OC,Hsx
(V)
C;Hys C7H,s
>:O O=<
S S
O“"*-S\i—o O—/Si"""o
O O
(VI
C;Hys
0 < C;Hys
O
S SH
S
Si—0 L —O—Si \
HO L—o/\ o/ o1 o—/Si..___O
: /
L/ x L/ V O\____,L)
\ \
OH OH

In the formula, L. each independently represents an
alkanediyl group or an alkenediyl group having from 1 to 9
carbon atoms, and x=m and y=n.

As the silane coupling agent represented by the formula
(V), a commercial product i1s available as “NXT Low-V
Silane” by Momentive Performance Materials.

As the silane coupling agent represented by the formula
(VI), a commercial product i1s available as “NX'T Ultra
Low-V Silane” by Momentive Performance Materials.

Further, as the silane coupling agent represented by the
formula (VII), a commercial product is available as “NXT-7"
by Momentive Performance Matenals.

The silane coupling agent represented by the general for-
mula (II), the formula (V) or the formula (V1) has a protected
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mercapto group, and 1s therefore eflective for preventing
initial scorching in the processing process in and before the
vulcanization step and betters the processability of the rubber
composition.

In the silane coupling agent represented by the general
formula (V), (VI) or (VII), the carbon number of the alkox-
ysilane 1s large, and therefore the amount of the volatile
organic compound VOC such as alcohol or the like to be
generated from the agent 1s small, and accordingly, the agent
1s favorable in point of working environment. Further, the
silane coupling agent of the formula (VII) 1s preferred from
the viewpoint of energy elliciency.

Of the compounds represented by the above-mentioned
general formulae (1) to (IV) as the silane coupling agent, those
represented by the general formula (I) are especially pre-
terred. This 1s because the polysulfide bond site that reacts
with the dienic polymer being the component (A) can be
casily activated by the vulcanization accelerator optionally
added to the rubber composition.

In the present invention, one alone or two or more difierent
types of the silane coupling agents may be used either singly
or as combined.

In the case where a silane coupling agent 1s contained in the
rubber composition for conveyor belts of the present mnven-
tion, the content thereot 1s preferably from 0.1 to 1.5 parts by
mass relative to the component (A), and the value 1s obtained
from the standard of 10% by mass relative to the component
(C). Within the range, the energy efficiency that may be
lowered by the component (C) can be kept at a high level
while maintaining high durability. From this viewpoint, the
content 1s more preferably from 0.1 to 1 part by mass relative
to 100 parts by mass of the component (A), even more prei-
erably from 0.2 to 0.8 parts by mass, still more preferably
from 0.2 to 0.6 parts by mass.

(Other Components)

Any other additive may be further added to the rubber
composition for conveyor belts of the present ivention,
within a range not remarkably detracting from the advanta-
geous effects of the present mvention. The additive 1s not
specifically defined so far as 1t can be usually contained in the
cover rubber of conveyor belts. The additive includes, for
example, fatty acid such as stearic acid, etc.; zinc oxide (zinc
flower), antiaging agent, sulfur, vulcanization accelerator,
vulcanization retardant (scorching inhibitor), oil, resin, wax,
peptizing agent, ozone cracking inhibitor, antioxidant, clay,
calcium carbonate, etc. These may be commercial products.

In the case where fatty acid 1s used, the amount to be used
1s preferably from 0.1 to 10 parts by mass relative to 100 parts
by mass of the component (A), more preferably from 1 to 5
parts by mass.

In the case where zinc oxide 1s used, the amount to be used
1s preferably from 0.5 to 10 parts by mass relative to 100 parts
by mass of the component (A), more preferably from 1 to 5
parts by mass.

As the antiaging agent, a known antiaging agent may be
selected and used here. For example, there are mentioned
N-phenyl-N'-(1,3-dimethylbutyl)-p-phenylenediamine (6C),
N-phenyl-N'-1sopropyl-p-phenylenediamine (3C), 2,2,4-tri-
methyl-1,2-dihydroquinoline polymer (RD), etc. In case
where antiaging agent 1s used, 1ts amount to be used 1s pret-
erably from 0.1 to 10 parts by mass relative to 100 parts by
mass ol the component (A), more preferably from 0.5 to 5
parts by mass, even more preferably from 1 to 5 parts by mass.

In the case where sultur 1s used, the amount to be used 1s
preferably from 0.5 to 10 parts by mass as sulfur content
relative to 100 parts by mass of the component (A), more
preferably from 0.5 to 4 parts by mass.
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The vulcanization accelerator 1s not specifically defined,
and examples thereot include thiazole-based ones such as M
(2-mercaptobenzothiazole), DM (dibenzothiazyl disulfide),
CZ (N-cyclohexyl-2-benzothiazylsultenamide), etc., guani-
dine-based ones such as DPG (diphenylguanidine), etc. In
case where vulcanization accelerator 1s used, 1ts amount to be
used 1s preferably from 0.1 to 5 parts by mass relative to 100
parts by mass of the component (A), more preferably from 0.1
to 2 parts by mass.

The amount of the other additive may be suitably selected
by those skilled 1n the art within a range not detracting from
the object of the present invention.

(Production Method for Rubber Composition for Conveyor
Belts)

The production method for the rubber composition for
conveyor belts 1s not specifically defined, for which any ordi-
nary production method 1s employable. For example, the
component (B), optionally the component (C) and the com-
ponent (D) and any other necessary additive, may be added to
the component (A) and kneaded to thereby prepare the rubber
composition for conveyor belts of the present invention.

The kneading method may be any ordinary method to be
taken by those skilled in the art. Preferred examples thereof
include the method where all the components except for
sulfur and a vulcamization accelerator are kneaded, using a
mixing machine such as a Banbury mixer, a Brabender mixer,
a kneader, a high-shear mixer or the like, preferably at 80 to
200° C., more preferably at 100 to 180° C., even more prei-
erably at 120 to 180° C., especially preferably at 130 to 170°
C. (A-stage kneading), and then sulfur and a vulcanization
accelerator are added thereto and further kneaded with a
kneading roll machine or the like, preferably at O to 50° C.,
more preferably at O to 40° C., even more preferably at O to
30° C. (B-stage kneading). During the A-stage kneading,
when the kneading temperature 1s too low, the reactivity may
lower, but on the other hand, when 1t 1s too high, overreaction
may occur to make the rubber hard.

Thus obtained, the rubber composition 1s vulcanized in a
heating mold preferably at 80 to 200° C., more preferably at
100 to 180° C., even more preferably at 140 to 180° C. (as the
mold temperature) to give a conveyor belt of the present
invention (external cover rubber or internal cover rubber).
Referring to FIG. 1, in general, the external cover rubber 2
and the internal cover rubber 6 are joined along with a core 4
ol a reinforcing material sandwiched therebetween to give a
conveyor belt 10, which 1s mounted to a belt conveyor. Refer-
ring to FIG. 2, a belt conveyor 20 leas generally two or more
belt pulleys 21, 22 and a conveyor belt 23. The rubber com-
position for conveyor belts of the present invention has both
energy elliciency and durability, and 1s therefore especially
usetul for the mternal cover rubber of conveyor belts.

NRY

BR?
carbon black 1%
lack 2%
lack 3°
lack 4

lack 57
3)

Components (A)
(B)
carbon
carbon
carbon

0
0
0
D

carpon

stearic acid
zinc oxide™
antiaging agent'®
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EXAMPLES

The present invention 1s described 1n more detail with
reference to the following Examples; however, the present
invention 1s not limited at all by these Examples.

The rubber composition for conveyor belts obtained 1n
cach Example was tested according to the methods men-
tioned below to evaluate the durability and the energy effi-
ciency thereof.

(Durability—Tear Resistance)

A trouser-type test piece was tested for the tear force
(N/mm) according to JIS K6252, which i1s the index of dura-
bility of the sample. In Table 1, the data are expressed as a
relative value based on the tear force 1n Example 1 as the
standard (100). In Table 2, the data are expressed as a relative
value based on the tear force in Reference Example 1 as the
standard (100). Samples having a larger value have more
excellent durabaility.

(Energy Efficiency—FEnergy Loss Reduction)

A sheet having a length of 40 mm, a width of 5 mm and a
thickness of 2 mm was formed of the rubber composition for
conveyor belts obtained in each Example. The sheet was
tested with a viscoelasticity spectrometer (by Toyo Seiki Sei-
sakusho) for dynamic viscoelastometry, in which the chuck-
to-chuck distance was 10 mm, the dynamic strain was 2%, the
frequency was 10 Hz, and under the measurement condition,
the loss tangent (tan 0) at 20° C. was measured. The dynamic

3! (N/mm), and tan 8/E'™~> is

clastic modulus 1s referred to as E
calculated to give the index of energy loss reduction.

In Table 1, the data are expressed as a relative value based
on the reciprocal of the value 1n Example 1 as the standard
(100). In'Table 1, the samples having a larger value have more
excellent energy efliciency.

On the other hand, 1n Table 2, the data are expressed as a
relative value based on the value 1n Reference Example 1 as
the standard (100). In Table 2, the samples having a smaller
value have more excellent energy efficiency.

Examples 1 to 11 and Comparative Examples 1 to 9

All the components except for sulfur and the vulcanization
accelerator were kneaded 1n the blend ratio shown 1n Table 1
by means of a Banbury mixer at 150° C. (A-stage kneading),
and then sultur and the vulcanization accelerator were added
thereto and further kneaded (B-stage kneading) to give a
rubber composition for conveyor belts. The rubber composi-
tion was vulcanized at a mold temperature of 160° C. for 15
minutes to give a cover rubber for conveyor belts. The dura-
bility and the energy efficiency of the thus-obtained cover
rubber were evaluated. The results are shown 1n Table 1.

TABLE 1
Example

1 2 3 4 5 6 7 8 9 10 11
40 40 40 40 40 40 40 40 40 20 60
60 60 60 60 60 60 60 60 60 80 40
15 15 10 40 30 10 10 20 15 15

15

30 30 30 35 10 10 40 20 30 30 30

3 3 3 3 3 3 3 3 3 3 3

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

2 2 2 2 2 2 2 2 2 2 2
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TABLE 1-continued

14

sulfurt!’ 2 2 2 2 2 2 2 2 2 2 2
vulcanization accelerator'”” 08 08 08 08 08 08 08 08 0.8 08 0.8
Results durability 100 95 100 98 108 105 104 92 105 90 112
energy efliciency 100 102 100 102 94 101 93 112 96 106 94
Comparative Example
1 2 3 4 5 6 7 R 9
Components  (A) NRY 35 35 35 35 35 35 35 35 35
BR?’ 65 65 65 65 65 65 65 65 65
(B) carbon black 1% 30 10 15 15 15
carbon black 2% 30
carbon black 3> 30 10 15 15
carbon black 4° 15 30 30
carbon black 57 30 30 30
stearic acid®’ 3 3 3 3 3 3 3 3 3
zinc oxide™ 3.5 35 35 35 35 35 35 35 35
antiaging agent'® 2 2 2 2 2 2 2 2 2
sulfurt! 2 2 2 2 2 2 2 2 2
vulcanization accelerator'” 0.8 08 08 0.8 08 08 08 0.8 0.8
Results durability 89 76 65 45 42 112 75 109 69
energy efficiency 104 108 112 119 102 78 105 80 110

The components in Table 1 are described 1n detail hereinunder.
DNatural rubber, grade: R85-3
DTO700 (product name), high- cis butadiene rubber, by JSR

Showblack N330 (HAF), by Cabot Japan, mitrogen-adsorbing specific surface arca 82 mzfg and dibutyl phthalate o1l absorption 102 ml/100 g,

component (b-1)

DSheast 300 (HAFLS), by Tokai1 Carbon, mitrogen-adsorbing specific surface area 84 m’/ g and dibutylphthalate o1l absorption 72 ml/100 g, component

(b- i)

) Asahi#65 (FEF), byAsahi Carbon, nitro gen-adsorbingspecific surface area 42 m?/ g and dibutyl phthalate o1l absorption 121 ml/100 g, component (b-2)
9Sheast 6, nitrogen-adsorbing specific surface area 119 m’/ g and dibutylphthalate o1l absorption 114 ml/100 g, by Tokai1 Carbon
D Asahi #55-HP, mitrogen-adsorbing specific surface area 30 m’/ g and dibutyl phthalate o1l absorption 90 ml/100 g, by Asahi Carbon

8)Stearic Acid 300 (product name), by New Japan Chemical
97Zinc flower, by Toho Zinc

1ONoclac 6C (product name), by Ouchi Shinko Chemical industry

1DGeneral sulfur, Sulfax Z, by Tsurum Chemical Industry
I2)Nocceler NS-F, by Ouchi Shinko Chemical Industry

From Table 1, 1t 1s known that the rubber compositions for
belt conveyors of the present mvention satisty both energy
elliciency and durabaility.

On the other hand, in the case containing the component
(b-1) alone as the component (B) like mn Comparative
Examples 1 and 2, and 1n the case containing the component
(b-2) alone as the component (B) like mn Comparative
Example 3, the durability greatly lowered. Further, also in the
case where the total content of the component (B) relative to
100 parts by mass of the component (A) 1s less than 25 parts
by mass like in Comparative Example 4, the durability greatly
lowered. Also 1n the case where the carbon blacks combined
did not correspond to any of the component (b-1) and the
component (b-2) defined 1n the present invention, like 1n
Comparative Example 3, the durability greatly lowered. Fur-
ther, 1n the case where any one of the component (b-1) or the
component (b-2) was used but the carbon black combined

with 1t did not correspond to any of the component (b-1) and
the component (b-2) defined 1n the present invention, like in
Comparative Examples 6 to 8, 1t was impossible to satisiy
both durability and energy efficiency. Further, in the case
where the content of the component (B) was more than 55
parts by mass relative to 100 parts by mass of the component
(A), like 1n Comparative Example 9, the durability greatly
lowered.

35

40

Reference Example |

|, Examples 12 to 17, and

Comparative .

Hxamples 10 to 15

45

Cover rubber for conveyor belts was produced in the same
manner as above, except that the components shown 1n Table
2 were used 1n the blend ration (unit: part by mass) shown
thereimn. The durability and the energy efficiency of the
obtained cover rubber were evaluated. The results are shown

in Table 2.

50

TABLE 2
Reference Example Comparative Example
Example 1 12 13 14 15 16 17 10 11 12 13 14 15
Components (A) NRD 40 40 40 20 60 40 40 40 40 40 40 40 40
BR? 60 60 60 R0 40 60 60 60 60 60 60 60 60
(B) carbon black 17’ 25 25 25 25 25 25 45 15 15
carbon black 2% 25
carbon black 3’ 20 15.8 158 158 158 15.8 158 45 15
carbon black 4% 15 30 30
carbon black 57 30 30
(C) Silica® 42 42 42 42 15 4.2 42 42 42 42
(D) silane coupling 0.4 0.4 0.4 0.4 04 1.5 0.4 0.4 04 04
agentg)
stearic acid!® 3 3 3 3 3 3 3 3 3 3 3 3 3



US 9,296,330 B2

TABLE 2-continued
Reference Example Comparative Example
Example 1 12 13 14 15 16 17 10 11 12 13 14 15
zinc oxide! D 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
antiaging agent'*’ 2 2 2 2 2 2 2 2 2 2 2 2 2
sulfur!® 2 2 2 2 2 2 2 2 2 2 2 2 2
vulcanization 0.8 0.% 0.8 0.% 0.8 0.% 0.8 0.% 0.8 0.8 0.% 0.% 0.8
accelerator'®
Results durability 100 169 15% 140 171 175 95 119 37 72 172 45 132
energy efliciency 100 104 106 96 110 118 92 114 91 122 130 90 125

The components in Table 2 are described 1n detail hereinunder.
DNatural rubber, grade: R858-3
2TO700 (product name), high-cis butadiene rubber, by JSR

)Showblack N330 (HAL), nitrogen-adsorbing specific surface area 82 m+hu 2+1/g and DEP o1l absorption 102 ml/100 g, by Cabot Japan, component (b-1)
HSheast 300 (HAF-LS), nitrogen-adsorbing specific surface area 84 m’/ g and DEP o1l absorption 72 ml/100 g, by Tokai Carbon, component (b-1)

?) Asahi #65 (FEF), mtrogen-adsorbing specific surface area 42 m?/ g and DEP o1l absorption 121 ml/100 g, by Asahi Carbon, component (b-2)

9Sheast 6, nitrogen-adsorbing specific surface area 119 m’/ g and DEP o1l absorption 114 ml/100 g, by Tokai1 Carbon, component (b-3)

) Asahi #55-HP, nitro gen-adsorbing specific surface area 30 m+hu 2+1 /gandDBP o1l absorption 90Oml/100 g, byAsahi Carbon, component (b-3)

B)Nipseal AQ) (product name), BET surface area 220 m’/ g by Tosoh Silica
25169 (product name), bis{3-triethoxysilylpropyl) tetrasulfide, by Evonik Degussa Japan

108 tearic Acid 300 (product name), by New Japan Chemical

D7 inc flower, by Toho Zinc

PNoclac 6C (product name), by Ouchi Shinko Chemical industry
3)General sulfur, Sulfax Z, by Tsurunu Chemical Industry
MNocceler NS-F, by Ouchi Shinko Chemical Industry

From Table 2, 1t 1s known that the rubber compositions for
belt conveyors of the present invention further containing the
component (C) and the component (D) each in a specific
amount satisty both energy efficiency and extremely high
durability.

On the other hand, in the case containing the component
(b-1) alone as the component (B) and not containing silica as
the component (C), like in Comparative Example 10, the
energy elficiency was poor. In the case containing the com-
ponent (b-2) alone as the component (B) and not containing,
silica as the component (C), like in Comparative Example 11,
the durability greatly lowered.

In the case not containing both the component (b-1) and the
component (b-2) as the component (B) but containing carbon
black 4 and carbon black 5 as the component (b-3), like in
Comparative Example 12, the durability greatly lowered and
the energy efficiency was poor, even though the composition
contained the component (C) and the component (D). In the
case where carbon black 4 ofthe component (b-3) was used 1n
place of the component (b-2), like in Comparative Example
13, the energy efficiency greatly lowered, even though the
composition contained the component (C) and the component
(D). In the case where carbon black 5 of the component (b-3)
was used in place of the component (b-2), like in Comparative
Example 14, the durability greatly lowered, even though the
composition contained the component (C) and the component
(D). Further, 1n the case where carbon black 4 of the compo-
nent (b-3) was used 1n place of the component (b-1), like 1n
Comparative Example 15, the energy elliciency greatly low-
ered, even though the composition contained the component
(C) and the component (D).

INDUSTRIAL APPLICABILITY

The rubber composition of the present invention 1s excel-
lent 1n both energy elliciency and durabaility, and is therefore
usetul for conveyor belts, especially for the internal cover

rubber of conveyor belts.
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The mvention claimed 1s:
1. A rubber composition for conveyor belts, comprising:

(A) 100 parts by mass of a dienic polymer, and

(B) from 235 to 55 parts by mass of carbon black including
carbon black (b-1) having a nitrogen-adsorbing specific
surface area of from 60 to 100 m*/g and a dibuty] phtha-
late o1l absorption of less than 110 ml/100 g, and carbon
black (b-2) having a nitrogen-adsorbing specific surface
area of less than 60 m*/g and a dibutyl phthalate oil
absorption of at least 110 m1/100 g.

2. The rubber composition for conveyor belts according to
claim 1, wherein the content ratio [(b-1)/(b-2)] of the carbon
black (b-1) to the carbon black (b-2) 1s, by mass ratio, from
20/80 to 80/20.

3. The rubber composition for conveyor belts according to
claim 1, further comprising;:

(C) from 1 to 15 parts by mass of silica, and
(D) from 0.1 to 1.5 parts by mass of a silane coupling agent.

4. The rubber composition for conveyor belts according to
claim 1, wherein the component (A) comprises from 15 to
65% by mass of at least one selected from natural rubber and
1soprene rubber, and from 85 to 35% by mass of butadiene
rubber.

5. The rubber composition for conveyor belts according to
claim 4, wherein the cis-1,4-bond content in the butadiene
rubber 1s at least 90%.

6. The rubber composition for conveyor belts according to
claim 1, further comprising from 0.1 to 10 parts by mass of an
antiaging agent.

7. A conveyor belt obtained using the rubber composition
of claim 1.

8. A belt conveyor having, mounted thereto, the conveyor
belt of claim 7.
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